H+ ion modulation of C-type inactivation of Shaker K+ channels.
The participation of an extracellular loop in C-type inactivation of voltage-gated K+ channels was investigated. A wild-type phenylalanine (at position 425) between the fifth putative transmembrane segment (S5) and the pore region of the Shaker K+ channel was mutated to a histidine and the functional consequences of protonating the imidizole group of the histidine were examined. C-type inactivation of both wild-type and mutant channels was sensitive to external pH over the range of 5.2-8. The pH dependence of wild-type channels was characterized by an apparent pK value of 5. 0. The inactivation kinetics of F425H mutant channels had a pH dependence with a pK of 5.8 - in addition to the pH dependence of the wild-type channels. Moreover, at pH 7 and 8 the voltage dependence of C-type inactivation kinetics was manifest only in the F425H mutant channels. C-type inactivation in wild-type channels involves a chemical group with a low pK. Taken together, these results suggest that residues located in the extracellular S5-pore loop of the Shaker K+ channel participate in C-type inactivation.